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METHOD AND APPARATUS FOR WIRELESS 
TRANSFER OF CHEMICAL-MECHANICAL 

PLANARIZATION MEASUREMENTS 

TECHNICAL FIELD 

0001. The present invention relates to methods and 
devices for the wireleSS transfer of measurements made 
during chemical-mechanical planarization of Semiconductor 
wafers. 

BACKGROUND OF THE INVENTION 

0002 Chemical-mechanical planarization (“CMP") pro 
ceSSes remove material from the Surface of a Semiconductor 
wafer in the production of integrated circuits. FIG. 1 sche 
matically illustrates a CMP machine 10 with a platen 20, a 
wafer carrier 30, a polishing pad 27, and a planarizing liquid 
28 on the polishing pad 27. The polishing pad 27 may be a 
conventional polishing pad made from a continuous phase 
matrix material (e.g., polyurethane), or it may be a new 
generation fixed abrasive polishing pad made from abrasive 
particles fixedly dispersed in a Suspension medium. The 
planarizing liquid 28 may be a conventional CMP slurry 
with abrasive particles and chemicals that etch and/or oxi 
dize the wafer, or the planarizing liquid 28 may be a 
planarizing Solution without abrasive particles that contains 
only chemicals to etch and/or oxidize the Surface of the 
wafer. In most CMP applications, conventional CMPslurries 
are used on conventional polishing pads, and planarizing 
Solutions without abrasive particles are used on fixed abra 
Sive polishing pads. 
0003) The CMP machine 10 also has an underpad 25 
attached to an upper Surface 22 of the platen 20 and the 
lower surface of the polishing pad 27. In one type of CMP 
machine, a drive assembly 26 rotates the platen 20 as 
indicated by arrow A. In another type of CMP machine, the 
drive assembly 26 reciprocates the platen 20 back and forth 
as indicated by arrow B. Since the polishing pad 27 is 
attached to the underpad 25, the polishing pad 27 moves 
with the platen 20. 
0004) The wafer carrier 30 has a lower surface 33 to 
which a wafer 12 may be attached, or the wafer 12 may be 
attached to a resilient pad 34 positioned between the wafer 
12 and the lower surface 33. The wafer carrier 30 may be a 
weighted, free-floating wafer carrier, or an actuator assem 
bly 40 may be attached to the wafer carrier to impart axial 
and/or rotational motion (indicated by arrows C and D, 
respectively). 
0005) To planarize the wafer 12 with the CMP machine 
10, the wafer carrier 30 presses the wafer 12 face-downward 
against the polishing pad 27. While the face of the wafer 12 
presses against the polishing pad 27, at least one of the 
platen 20 or the wafer carrier 30 moves relative to the other 
to move the wafer 12 across the planarizing Surface 29. AS 
the face of the wafer 12 moves across the planarizing Surface 
29, the polishing pad 27 and the planarizing liquid 28 
continually remove material from the face of the wafer 12. 
0006 CMP processes must consistently and accurately 
produce a uniform, planar Surface on the wafer to enable 
precise circuit and device patterns to be formed with pho 
tolithography techniques. AS the density of integrated cir 
cuits increases, it is often necessary to accurately focus the 
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critical dimensions of the photo-patterns to within a toler 
ance of approximately 0.1 lim. Focusing photo-patterns of 
Such Small tolerances, however, is difficult when the pla 
narized Surface of the wafer is not uniformly planar. Thus, 
CMP processes must create a highly uniform, planar Surface. 
0007. One problem with CMP processing is that the 
planarized Surface of the wafer may not be Sufficiently 
uniform across the whole Surface of the wafer. The unifor 
mity of the planarized Surface is a function of Several 
variables, including the pressure between the wafer and the 
planarizing Surface, the temperature of the wafer and/or the 
planarizing Surface, and the temperature and pH of the 
planarizing liquid. One conventional approach to addressing 
this problem has been to measure some or all of the above 
variables and adjust the CMP processing conditions to 
improve the uniformity of the wafers. This approach has 
created additional problems. For example, if the measure 
ments are made while the CMP machine is stationary, they 
may not be representative of the actual conditions present 
during planarization. On the other hand, if Sensors are placed 
on the wafer carrier to make measurements during planariza 
tion, mechanical means, Such as slip rings and the like may 
be required to transmit electrical Signals from the moving 
Sensors to a Stationary display. 
0008 One conventional approach for obtaining in situ 
measurements is to use remote Sensing means. For example, 
an infrared gun may be used to measure the temperature of 
the wafer during planarization. This approach Suffers from 
Several drawbacks. One drawback is that the temperature 
readings obtained from the infrared gun may be distorted by 
the presence of the planarizing liquid. A Second drawback is 
that remote Sensing means may not be readily available for 
Some types of Sensors, for example, pressure transducers. 
Accordingly, it may be difficult to determine the preSSure 
between the wafer and the polishing pad during planariza 
tion. 

0009. One conventional approach for obtaining in situ 
preSSure measurements is to place the preSSure transducer on 
a mechanical linkage between the wafer carrier and a fixed 
reference point. This approach may suffer from still further 
drawbackS. For example, the weight of the mechanical 
linkage may distort the pressure measurement, and the 
linkage itself may have Such a high inertia that it is unable 
to respond quickly to Sudden pressure changes. 

0010 Still a further drawback with the foregoing con 
ventional approaches is that each approach may require that 
a Sensor and associated peripheral hardware be installed on 
a large number of CMP machines, although the planarizing 
characteristics may need to be monitored only periodically. 
AS a result, the cost for Sensors, peripheral hardware, and 
maintenance may be higher than is necessary. 
0011. In the competitive semiconductor industry, it is also 
desirable to maximize the throughput of finished wafers. 
One factor that affects the throughput of CMP processing is 
the ability to accurately stop planarizing a given wafer or 
type of wafers at a desired endpoint. To determine whether 
a wafer is at its desired endpoint, conventional CMP pro 
ceSSes typically stop planarizing the wafer and measure the 
change in thickness of the wafer with an interferometer or 
other distance measuring device. If the wafer is under 
planarized, CMP processing is resumed and the wafer is 
periodically measured until the wafer reaches its desired 
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endpoint. If the wafer is over-planarized, the wafer may be 
partially or fully damaged. The throughput of finished 
waferS is accordingly greatly affected by the ability to 
accurately and quickly determine the endpoint of individual 
wafers and/or types of wafer. 

SUMMARY OF THE INVENTION 

0012. The present invention is directed toward a method 
and apparatus for the wireleSS transfer of measurements 
made during chemical-mechanical planarization of a Semi 
conductor Substrate with a planarizing device. The planariz 
ing device may have a Support, a platen assembly connected 
to the Support, and a carrier movable relative to the platen 
assembly and the Support to remove material from a Semi 
conductor Substrate positioned between the carrier and the 
platen assembly. In one embodiment, the apparatus may 
comprise a Sensor connected to the platen assembly, the 
carrier, or the Semiconductor Substrate. The Sensor generates 
a signal corresponding to a value of a Selected property of 
the planarizing device or the Semiconductor Substrate. For 
example, the property may be a force exerted against the 
Semiconductor Substrate by the carrier, a temperature or 
resistance of the Semiconductor Substrate, or the pH of 
planarizing liquid Surrounding the Semiconductor Substrate. 
The apparatus may further include a display Spaced apart 
from the Sensor and a wireleSS communication link coupled 
between the Sensor and the display to transmit the Signal 
from the Sensor to the display. The wireleSS communication 
link may include an infrared, radio, or acoustic transmitter 
and receiver, or a pair of inductors. 
0013 In one embodiment, the signal may be transmitted 
in real time from the Sensor to the display. In another 
embodiment, the Signal may be Stored and then transmitted 
in a batch manner, and the communication link may include 
a cable or the wireless means described above. In still 
another embodiment, the apparatus may include a feedback 
loop that changes the Selected property based on the Signal 
generated by the Sensor. 
0.014. In yet another embodiment of the invention, the 
apparatus may remove material from a Substrate having a 
reflective layer and a transparent Surface opposite the reflec 
tive layer. The apparatus may include a light Source posi 
tioned to illuminate the Substrate, and a light Sensor posi 
tioned to detect the presence or absence of light reflected 
from the reflective layer through the transparent Surface of 
the substrate. In a further aspect of this embodiment, the 
reflective layer may have a hardneSS approximately the same 
as the hardness of a Semiconductor wafer So that removal of 
the reflective layer is representative of Semiconductor wafer 
planarization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a partial cross-sectional elevation view of 
a chemical-mechanical planarization machine in accordance 
with the prior art. 
0016 FIG. 2 is a partial cross-sectional elevation view of 
an apparatus in accordance with an embodiment of the 
present invention. 
0017 FIG. 3 is a top plan view of a portion of the 
apparatus shown in FIG. 2. 
0.018 FIG. 4A is a block diagram of a transmitter assem 
bly and a receiver assembly in accordance with an embodi 
ment of the invention. 
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0019 FIG. 4B is a block diagram of a transmitter assem 
bly and a receiver assembly in accordance with another 
embodiment of the invention. 

0020 FIG. 5 is a partial cross-sectional elevation view of 
a carrier assembly in accordance with another embodiment 
of the invention. 

0021 FIG. 6 is a partially schematic, partial cross 
Sectional elevation view of an apparatus in accordance with 
still another embodiment of the invention. 

0022 FIG. 7 is a partial cross-sectional elevation view of 
a carrier assembly in accordance with yet another embodi 
ment of the invention. 

0023 FIG. 8 is a partial cross-sectional elevation view of 
a portion of an apparatus engaging a Substrate in accordance 
with still another embodiment of the invention. 

0024 
FIG 8. 

FIG. 9 is a top plan view of the Substrate shown in 

0025 FIG. 10 is a partial cross-sectional elevation view 
of a carrier assembly in accordance with another embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026. The present invention is directed toward methods 
and apparatuses for transmitting data from a chemical 
mechanical planarization machine. The apparatus may 
include a wireleSS communication link to transmit the data 
from a movable portion of the machine to a fixed point. 
Many specific details of certain embodiments of the inven 
tion are set forth in the following description and in FIGS. 
1-10 to provide a thorough understanding of such embodi 
ments. One skilled in the art, however, will understand that 
the present invention may have additional embodiments and 
that they may be practiced without several of the details 
described in the following description. 
0027 FIG. 2 illustrates a CMP apparatus 110 for mea 
Suring the values of one or more parameters associated with 
chemical-mechanical planarization of a Semiconductor Sub 
strate or wafer 112. As discussed above with respect to FIG. 
1, the apparatus 110 has a platen 120, an underpad 125 
mounted to the top Surface of the platen 120, and a polishing 
pad 127 mounted to the top surface of the underpad 125. The 
platen 120 may be movable relative to a fixed support 
structure 114 by means of a drive assembly 126 that may 
impart rotational motion (indicated by arrow A) and/or 
translational motion (indicated by arrow B) to the platen 
120. 

0028. The apparatus 110 may also include a carrier 
assembly 130 that engages the semiconductor Substrate 112 
and moves the Semiconductor Substrate relative to the pol 
ishing pad 127 to remove material therefrom. A retainer ring 
131 prevents the semiconductor Substrate 112 from sliding 
away from the carrier assembly 130. The carrier assembly 
130 is supported relative to the polishing pad 127 by a 
horizontal support arm 143 and a vertical drive shaft 142. 
The horizontal support arm 143 may include outer and inner 
telescoping Segments 143a and 143b. The Outer telescoping 
Segment 143a is attached to the Support Structure 114, and 
the inner telescoping Segment 143b may slide relative to the 
outer telescoping Segment 143a as indicated by arrow E, to 
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oscillate the carrier assembly 130 in a horizontal direction. 
In one embodiment, the inner telescoping Segment 143b and 
carrier assembly 130 are driven by an actuator 14.0a and a 
linkage 149, and in other embodiments, other means oscil 
late the carrier assembly 130. 
0029. The drive shaft 142 extends between the inner 
telescoping segment 143b and the carrier assembly 130. The 
drive shaft 142 may be coupled to an actuator 140b that 
imparts to the carrier assembly 130 a vertical motion, 
indicated by arrow C, and/or a rotational motion, indicated 
by arrow D. The driveshaft 142 further includes a coupling 
member or plate 144 that has a plurality of vacuum apertures 
148 to releasably engage the carrier assembly 130. The 
vacuum apertures 148 are coupled to a vacuum Source (not 
shown) by a series of connecting conduits 145 (shown in 
FIG. 2 as 145a, 145b, and 145c) that pass through the drive 
shaft 142 and the Support arm 143. A rotational seal 146 at 
the junction between the support arm 143 and the drive shaft 
142 connects the rotating portion of the conduit 145a to the 
translating portions of the conduit 145b and 145c. 
0030 The carrier assembly 130 includes a mounting 
member or plate 150 coupled to the coupling plate 144 and 
an engaging member or plate 132 that engages the Semi 
conductor substrate 112. The mounting plate 150 has a 
Smooth upper Surface and an O-ring 154 to provide a 
gas-tight Seal with the coupling plate 144. When a vacuum 
is drawn through the vacuum apertures 148 by the vacuum 
Source, the coupling plate 144 may firmly engage the 
mounting plate 150. 
0031. The engaging plate 132 is positioned beneath the 
mounting plate 150 and is coupled to the mounting plate 150 
by a spacer ring 151 and a vertical coupling 193. The spacer 
ring 151 is attached to a lower Surface of the mounting plate 
150 and extends around the periphery of the mounting plate 
toward the engaging plate 132. The Spacer ring 151 has a 
plurality of circular apertures 152 in a lower flange 156 
thereof. Bolts 153 extend through the apertures 152 and bear 
against the walls of the apertures to impart rotational motion 
from the drive shaft 142 to the engaging plate 132. The 
lower flange 156 of the spacer ring 151 is spaced apart from 
the engaging plate 132 So that the Spacer ring 151 transmits 
no vertical force to the engaging plate 132. Instead, all 
Vertical forces are transmitted to the engaging plate 132 and 
the Semiconductor Substrate 112 through the Vertical cou 
pling 193. 

0032. In one embodiment, a force sensor 190 is posi 
tioned between the vertical coupling 193 and the mounting 
plate 150. In other embodiments, the force sensor 190 may 
be positioned in other portions of the apparatus 110, So long 
as it is in the load path between the actuator 140b and the 
Semiconductor Substrate 112, and is Sufficiently close to the 
Semiconductor Substrate 112 to accurately measure the Ver 
tical forces transmitted thereto. The force sensor 190 may be 
one of a variety of commercially available transducers 
configured to measure Steady State and/or variable forces 
and generate a corresponding electrical signal. A calibrator 
194 may be attached to the mounting plate 150 and coupled 
to the force sensor 190 to calibrate the electrical signal with 
a known value. 

0033. The force sensor 190 is connected to a transmitter 
assembly 170 that generates wireleSS Signals corresponding 
to the force Sensor Signals. The wireleSS Signals are trans 

Oct. 11, 2001 

mitted by a transmitter 177 to one or more transmitting 
transducers 175 and then to a receiver assembly 160. The 
receiver assembly 160 includes a receiving transducer 161 
positioned to receive the wireleSS Signals, and a receiver 165 
coupled to the receiving transducer 161. The receiver assem 
bly 160 is coupled to an electronic device 169. In one 
embodiment, shown in FIG. 2, the electronic device 169 
may include a display that displays the Signals in a human 
readable format. In other embodiments, the electronic device 
169 may include a chart recorder, printer, or other output 
device. In still further embodiments, the electronic device 
169 may include other devices, such as a feedback device, 
as is discussed in greater detail below with reference to FIG. 
6. In any case, the transmitter assembly 170 and the receiver 
assembly 160 together form a wireless communication link 
between the force sensor 190 and the electronic device 169. 

0034 FIG.3 is a top plan view of the mounting plate 150 
and the transmitter assembly 170 shown in FIG. 2. Refer 
ring to FIGS. 2 and 3, several transmitting transducers 175 
are coupled to the transmitter 177 with cables 192 routed 
through cable passages 155 in the mounting plate 150. 
Accordingly, even where the Signals emitted by the trans 
mitting transducers 175 travel in generally Straight lines, the 
Signals emitted by at least one of the transmitting transduc 
ers 175 will be coupled to the receiving transducer 161 
(FIG. 2) at all times. 
0035. The transmitting transducers 175 and the receiving 
transducer 161 may transmit wireleSS Signals by one or more 
of Several means. For example, in one embodiment, the 
transmitting transducers 175 and the receiving transducers 
161 may generate and receive, respectively, optic Signals, 
Such as infrared, ultraViolet, or visible light signals. In one 
aspect of this embodiment, the transmitting transducer 175 
can include a light Source and a waveguide, Such as a fiber 
optic cable, having an emission point from which optic 
Signals are emitted. In other embodiments, the transmitting 
transducer 175 may include other types of waveguides. In 
still further embodiments, the transmitting transducers 175 
and the receiving transducers 161 may generate and receive, 
respectively, radio signals or acoustic signals, for example, 
SubSonic, Sonic, or ultrasonic Signals. In yet another embodi 
ment, the transmitting transducers 175 may include induc 
tors that generate magnetic Signals and the receiving trans 
ducer 161 may include a corresponding inductor to receive 
the magnetic signal. 
0036 Returning to FIG. 2, the transmitting transducers 
175 may be spaced apart from the receiving transducer 161 
in each of the foregoing embodiments, and may be movable 
relative to the receiver assembly 160 without interrupting 
the flow of signals therebetween. In the embodiment shown 
in FIG. 2, the transmitter assembly 170 may be attached to 
the mounting plate 150. In other embodiments, the trans 
mitter assembly 170 may be attached to any portion of the 
apparatus 110 that moves relative to the electronic device 
169, such as the platen 120 or the semiconductor substrate 
112. The receiving transducer 161 may be positioned adja 
cent the support structure 114, as shown in FIG. 2, or, as is 
also shown in FIG. 2, a receiving transducer 161 a may be 
positioned on the platen 120 where the platen 120 does not 
move relative to the electronic device 169. In still further 
embodiments, the receiving transducer 161 may be posi 
tioned on any portion of the apparatus that is generally fixed 
relative to the electronic device 169. In any of the foregoing 
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embodiments, the receiving transducer 161 may include a 
parabolic horn to receive even relatively weak signals gen 
erated by the transmitting transducer 175, reducing the 
power required by the transmitter 177. 
0037 FIG. 4A is a schematic block diagram of a trans 
mitter assembly 170 and receiver assembly 160 in accor 
dance with an embodiment of the invention. The transmitter 
assembly 170 is configured to transmit signals from several 
sensors 190 (shown as 190a, 190b, 190c) that may be 
calibrated with a corresponding plurality of calibrators 194 
(shown as 194a, 194b, and 194c). Each sensor 190 is 
coupled to a signal conditioner 171 (shown as 171a, 171b, 
and 171c) to reduce noise in the signals generated by the 
sensors 190. The conditioned signals are then transmitted to 
a multiplexer 172, that Samples each Signal Stream and 
compiles a Single composite Signal Stream. 
0.038. In one embodiment, the composite signal stream 
proceeds from the multiplexer 172 to a modulator 173 that 
modulates either the frequency or the amplitude of the Signal 
stream. In another embodiment, the modulator 173 may be 
replaced with an A/D processor 174, as shown in dashed 
lines in FIG. 4A. The A/D processor 174 may include a 
converter, a central processing unit or discrete logic device, 
a storage device and/or a control code unit, and transforms 
the analog signal from the multiplexer 172 to a bit Stream 
which is then conveyed to the transmitting transducer 175. 
The multiplexer 172, A/D processor 174, and transducer 175 
may comprise a commercially available unit, Such as a 
Microstamp system available from Micron Technology, Inc. 
of Boise, Ida., or a Strain LinkTM system available from 
Microstrain of Burlington, Vt. 
0039. The transmitter assembly 170 further includes a 
power Supply 178 coupled to the sensors 190, the signal 
conditioners 171 and any other components requiring power, 
such as the multiplexer 172, the modulator 173, and the A/D 
processor 174. In one embodiment, the power supply 178 
may include a battery. In another embodiment, the power 
Supply may include a Solar cell or other device that does not 
require external cable connections during planarization, for 
example, a first inductor that is magnetically or electromag 
netically coupled to a corresponding Second inductor to 
generate electrical current. 
0040. The signal transmitted by the transmitting trans 
ducer 175 is received by the receiving transducer 161, as 
discussed above with reference to FIGS. 2 and 3. Where the 
Signal is an analog signal, the receiving transducer 161 is 
coupled to a demodulator 162 to convert the Signal to a 
Voltage, then to a demultiplexer 163 to Separate individual 
Signals from the Signal Stream, and then to a processor 164a. 
The processor 164a may convert the Voltage to a human 
readable format where the electronic device 169 is a display. 
Where the signal emitted by the transmitting transducer 175 
is a digital signal, the demodulator 162 and demultiplexer 
163 are replaced by a processor 164b, as shown in dashed 
lines in FIG. 4A. 

0041 An advantage of the apparatus 110 shown in FIGS. 
2-4A is that it easily transmits force data from a rotating and 
translating portion of the apparatus to the fixed electronic 
device 169 without the need for slip rings or other mechani 
cal devices. Accordingly, the apparatus 110 may be leSS 
complex than conventional apparatuses and may be leSS 
Susceptible to mechanical failure. Another advantage of the 

Oct. 11, 2001 

apparatus 110 shown in FIGS. 2-4A is that it transmits 
real-time or nearly real-time force data because the com 
munication link includes radio, infrared, or magnetic trans 
mitters and receivers. As a result, the Signals are not delayed 
or otherwise hampered by mechanical linkages. This may be 
especially important for transmitting vibration measure 
ments, which may have Such a high frequency that they are 
not accurately transmitted by mechanical means. 
0042 Still another advantage of the apparatus 110 shown 
in FIGS. 2-3 is that the carrier assembly 130 may be easily 
removed from the apparatus 110 and moved to another CMP 
machine. The receiver assembly 160 and electronic device 
169 may also be easily moved from one machine to another. 
Accordingly, the force sensor 190 may be used periodically 
to run diagnostic checks of individual CMP machines with 
out the need to Simultaneously outfit each machine with a 
complete transmitter assembly 170 and receiver assembly 
160. 

0043 FIG. 4B is a schematic block diagram of a receiver 
assembly 160a and a transmitter assembly 170a in accor 
dance with another embodiment of the invention. As shown 
in FIG. 4B, the receiver assembly 160a is generally similar 
to the receiver assembly shown in FIGS. 2-4A. The trans 
mitter assembly 170a is generally similar to the transmitter 
assembly 170 shown in FIGS. 2-4A; however, it further 
includes a storage or memory device 179 coupled to the 
multiplexer 172. The storage device 179 may be used to 
store data received from the sensors 190 and transmit the 
data to the transducer 175 in a batch format. In one embodi 
ment, for example, the carrier assembly 130 (FIG. 2) may 
be halted prior to conveying the data from the sensor 190 to 
the electronic device 169. In one aspect of this embodiment, 
the transducers 175 and 161 may be replaced by a cable 166 
that is coupled between the transmitter assembly 170a and 
the receiver assembly 160a while the data is transmitted. 
The cable 166 may be removed after the data has been 
transmitted and before resuming motion of the carrier 
assembly 130. An advantage of the transmitter assembly 
170a shown in FIG. 4B when compared with the transmitter 
assembly 170 shown in FIG. 4A is that it may eliminate the 
need for the transducers 175 and 161. Conversely, an advan 
tage of the transmitter assembly 170 shown in FIG. 4A is 
that it is configured to transmit real-time data rather than 
batch data. 

0044 FIG. 5 is a partial cross-sectional elevation view of 
a carrier assembly 230 having Sensors in accordance with 
another embodiment of the invention. In addition to the 
force sensor 190 discussed above with reference to FIGS. 
24B, the carrier assembly 230 may include temperature 
sensors 290 (shown as 290a and 290b) and pH sensors 390 
(shown as 390a and 390b). One temperature sensor 290a 
may include a conventional thermocouple device that 
extends from the engaging plate 132 toward the polishing 
pad 127 and/or the planarizing liquid 128 and is coupled to 
the transmitter assembly 170 by leads 292.a. The other 
temperature sensor 290b may be integrated with a surface of 
the Semiconductor Substrate 112 to measure the temperature 
of the Semiconductor Substrate directly, and may be coupled 
to the transmitter assembly 170 by conventional leads 292b 
or by conventional leads in combination with vias in the 
structure of the semiconductor Substrate 112. 

0045. The pH sensors 390 may include a conventional 
electronic pH meter such as is available from PGCScientific 
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of Gaithersburg, Md., or Beckman Instruments of Fullerton, 
Calif. In one embodiment, shown in FIG. 5, one pH sensor 
390a may be attached to the carrier assembly 230. In another 
embodiment, also shown in FIG. 5, another pH sensor 390b 
may be attached to the platen 120, and may be coupled to a 
transmitter 177b and transmitting transducer 175b, also 
attached to the platen 120. In still further embodiments, the 
carrier assembly 230 and/or the platen 120 may include 
other Sensors to measure the values of other parameters 
related to CMP processes, So long as the measurements may 
be converted to wireleSS Signals. 
0046) An advantage of the temperature sensors 290 and 
the pH sensors 390 shown in FIG. 5 is that they may be used 
to obtain additional diagnostic data during the planarization 
process. The Signals generated by the Sensors may be 
transmitted in real-time, as is generally shown in FIG. 4A, 
or may be Stored and transmitted in a batch fashion, as is 
shown in FIG.4B. Data from different types of sensors (e.g., 
force, temperature, pH) and/or data from a plurality of 
Sensors of the same type (e.g., several force Sensors) may be 
transmitted in a single data Stream by using a multiplexer 
172, as is generally shown in FIG. 4A. 

0047 FIG. 6 is a cross-sectional elevation view of an 
apparatus 410 having an acoustic transmitting transducer 
475, Such as an audio speaker, and an acoustic receiving 
transducer 461, Such as an audio microphone, in accordance 
with another embodiment of the invention. As shown in 
FIG. 6, the carrier assembly 430 includes a mounting 
member 450 removably attached with bolts 447 to the 
coupling plate 444. The mounting member 450 includes a 
cylinder 437 having cylinder walls 436 configured to slid 
ably receive the engaging member 432. The engaging mem 
ber 432 includes an O-ring 438 that sealably engages the 
cylinder walls 436 and is slidable within the cylinder 437 to 
preSS the Semiconductor Substrate 112 into engagement with 
the polishing pad 127. The apparatus 410 further includes a 
pressurized air source 480 coupled with conduits 445a and 
445b to the cylinder 437. The air pressure within the cylinder 
437 may be adjusted with the air source 480 to a desired 
level, thus establishing a desired force between the Semi 
conductor substrate 112 and the polishing pad 127. 

0.048. As shown in FIG. 6, a pressure transducer 490 is 
configured to measure the air pressure within the cylinder 
437 and transmit the measurement to the transmitter assem 
bly 170 and the acoustic transmitting transducer 475. The 
acoustic signal emitted by the acoustic transmitting trans 
ducer 475 is conveyed through the conduits 445a and 445b 
to the acoustic receiving transducer 461 positioned at the 
preSSurized air Source 480. The acoustic receiving trans 
ducer 461 is coupled to the receiver assembly 160 and the 
display 169, generally as discussed above with reference to 
FIGS. 2-4B. The receiver assembly 160 may also be coupled 
to the pressurized air source 480 to provide a feedback loop. 
Accordingly, the receiver assembly 160 may be connected to 
an electronic feedback device 469 to automatically control 
the pressurized air Source 480, based on the Signals received 
from the acoustic transmitting transducer 475, and provide 
a selected pressure in the cylinder 437. 

0049. An advantage of the apparatus 410 shown in FIG. 
6 is that it may automatically adjust the force between the 
semiconductor Substrate 112 and the polishing pad 127 
based on measurements made by the pressure transducer 
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490. In other embodiments, similar feedback loops may be 
coupled to a heater to regulate the temperature of the 
Semiconductor Substrate 112, or to a chemical dispenser to 
regulate the pH of the planarizing solution 128 on the 
polishing pad 127. Another advantage of an embodiment of 
the invention shown in FIG. 6 is that some existing pla 
narizing machines may include the air Source 480 and the 
cylinder 437, allowing the wireless communication link to 
incorporate existing hardware. 

0050 FIG. 7 is a cross-sectional elevation view of a 
carrier assembly 530 having a light source 580 and a light 
detector, such as an electronic light detector 590, in accor 
dance with another embodiment of the invention. As shown 
in FIG. 7, the light source 580 may be positioned in the 
mounting plate 550 above the engaging plate 532 to direct 
light through an aperture 535 in the engaging plate 532. The 
light passes through the aperture 535, through a transparent 
upper Surface of a transparent Substrate 512, and Strikes a 
reflective coating 513 on the opposite side of the substrate 
512. The reflected light passes back through the transparent 
upper surface of the substrate 512 where it is detected by the 
light detector 590. The surface of the detector 590 facing 
away from the substrate 512 may be shielded so that the 
detector receives reflected light rather than incident light. 
When the reflective layer 513 is completely removed, light 
no longer reflects therefrom, and the Signal generated by the 
light detector 590 changes. 
0051. In one embodiment, the light source 580 generates 
visible light and the light detector 590 detects visible light. 
In other embodiments, the light source 580 and detector 590 
operate at other wavelengths. In any case, Signals generated 
by the detector 590 may be conveyed to the transmitter 
assembly 170 and then to the receiver assembly 160 (FIG. 
2), as was discussed above with reference to FIGS. 2-4B. 
0052. In one embodiment, the transparent substrate 512 
may have dimensions generally similar to those of a con 
ventional Semiconductor Substrate (such as a silicon Sub 
strate) and the reflective layer 513 may have a hardness that 
is representative of the Surface of the conventional Semi 
conductor Substrate. When the transparent Substrate 512 is 
planarized, the reflective layer 513 may accordingly be 
removed at a rate Similar to the rate at which material is 
removed from a conventional Semiconductor wafer Surface. 
Accordingly, the carrier assembly 530 and transparent Sub 
strate 512 may be used to calibrate the apparatus 110 (FIG. 
2) by Simulating conditions under which an actual Semicon 
ductor Substrate is planarized. 

0053 FIG. 8 is a cross-sectional elevation view of an 
apparatus 610 having a non-rotating light source 680 and 
light detector 690 in accordance with another embodiment 
of the invention. As shown in FIG. 8, the light source 680 
and the detector 690 are positioned above the carrier assem 
bly 630. Accordingly, the coupling plate 644, mounting plate 
650, and engaging plate 632 are each provided with a 
plurality of apertures 635 to allow the light generated by the 
light source 680 to illuminate the substrate 612 and reflect 
from the reflective layer 613 upward to the detector 690, as 
was discussed above with reference to FIG. 7. 

0054 FIG. 9 is a top plan view of the substrate 612 
shown in FIG. 8. As shown in FIG. 9, the reflective layer 
613 on the surface of the substrate 612 may include a 
plurality of radial Segments 615, each aligned with one or 
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more of the apertures 635 (FIG. 8). Accordingly, an advan 
tage of the apparatus 610 and substrate 612 shown in FIGS. 
8 and 9 is that the light detector 690 may detect light 
reflected from a variety of positions on the Substrate 612 as 
the substrate rotates relative to the light detector. This is 
advantageous because it may indicate areas of the Substrate 
612 that planarize at different rates. 
0055 FIG. 10 is a partial cross-sectional elevation view 
of a carrier 730 and a substrate 712 in accordance with yet 
another embodiment of the invention. In one aspect of this 
embodiment, the substrate 712 includes an electrically con 
ductive layer 713 facing the polishing pad 127. The con 
ductive layer 713 is connected with leads 792 to an ohm 
meter 790 that measures the resistance of the conductive 
layer 713. During planarization, the thickness of the con 
ductive layer 713 is gradually reduced, altering the resis 
tance of the conductive layer. The change in resistance is 
detected by the ohm meter 790, and may be used to indicate 
when planarization is complete or when various planarizing 
parameters, Such as temperature and pressure, are either too 
great, creating too high a rate of planarization, or too Small, 
creating too low a rate of planarization. 

0056. As shown in FIG. 10, the conductive leads 792 
may connect to the planarized Surface of the Substrate 712. 
In another embodiment, the conductive leads 792 may be 
coupled to Vias that are integrally formed with the Substrate 
712 and that extend between the leads 792 and the conduc 
tive layer 713. In still a further aspect of this embodiment, 
the conductive layer 713 may include the outer Surface of a 
conventional Semiconductor Substrate. 

0057. From the foregoing it will be appreciated that, 
although Specific embodiments of the invention have been 
described herein for purposes of illustration, various modi 
fications may be made without deviating from the Spirit and 
Scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 

1. An apparatus for transmitting Signals from a planariz 
ing device, the planarizing device having a Support, a platen 
assembly connected to the Support, and a carrier movable 
relative to the platen assembly and the Support to remove 
material from a Semiconductor Substrate positioned between 
the carrier and the platen assembly, the apparatus compris 
Ing: 

a Sensor connected to one of the platen assembly, the 
carrier, and the Semiconductor Substrate, the Sensor 
generating a signal corresponding to a Value of a 
Selected property of one of the planarizing device and 
the Semiconductor Substrate; 

an electrical device Spaced apart from the Sensor; and 
a wireleSS communication link coupled between the Sen 

Sor and the display to transmit the Signal from the 
Sensor to the electrical device. 

2. The apparatus of claim 1 wherein the electrical device 
includes a display. 

3. The apparatus of claim 1 wherein the electrical device 
includes a feedback device to change the value of the 
Selected property. 

4. The apparatus of claim 1 wherein the Sensor includes a 
force Sensor. 

5. The apparatus of claim 4 wherein the carrier comprises 
a mounting member removably coupled to the Support and 
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an engaging member to engage the Semiconductor Substrate, 
the force Sensor being connected between the mounting 
member and the engaging member to measure a force 
transmitted therebetween. 

6. The apparatus of claim 4 wherein the force Sensor 
includes a steady State force Sensor. 

7. The apparatus of claim 4 wherein the force sensor is 
configured to measure a varying force. 

8. The apparatus of claim 1 wherein the Sensor includes a 
temperature Sensor. 

9. The apparatus of claim 1 wherein the platen assembly 
includes a platen and a quantity of planarizing liquid on a 
Surface of the platen and the Sensor includes a pH Sensor 
positioned to measure a pH of the planarizing liquid. 

10. The apparatus of claim 1 wherein the sensor is 
connected to the carrier. 

11. The apparatus of claim 1 wherein the Sensor is 
connected to the Semiconductor Substrate. 

12. The apparatus of claim 11 wherein the Sensor includes 
a thermocouple positioned on a Surface of the Semiconductor 
Substrate. 

13. The apparatus of claim 11 wherein the semiconductor 
Substrate has a conductive material on a Surface thereof and 
the Sensor includes an ohm meter coupled to the conductive 
material to detect a change in resistance of the conductive 
material when a portion of the conductive material is 
removed during planarization of the Semiconductor Sub 
Strate. 

14. The apparatus of claim 1 wherein the platen assembly 
is movable relative to the Support and the Sensor is attached 
to the platen assembly. 

15. The apparatus of claim 1 wherein the display is 
generally fixed relative to the Support. 

16. The apparatus of claim 1 wherein the communication 
link includes at least one optical transmitting transducer 
attached to one of the platen assembly and the carrier, the 
communication link further including an optical receiving 
transducer Spaced apart from the optical transmitting trans 
ducer, the optical transmitting transducer moving relative to 
the optical receiving transducer while the Semiconductor 
Substrate is planarized. 

17. The apparatus of claim 1 wherein the communication 
link includes at least one radio transmitting transducer 
attached to one of the platen assembly and the carrier, the 
communication link further including a radio receiving 
transducer Spaced apart from the radio transmitting trans 
ducer, the radio transmitting transducer moving relative to 
the radio receiving transducer while the Semiconductor 
Substrate is planarized. 

18. The apparatus of claim 1 wherein the communication 
link includes at least one acoustic transmitting transducer 
attached to one of the platen assembly and the carrier, the 
communication link further including an acoustic receiving 
transducer Spaced apart from the acoustic transmitting trans 
ducer, the acoustic transmitting transducer moving relative 
to the acoustic receiving transducer while the Semiconductor 
Substrate is planarized. 

19. The apparatus of claim 18, further comprising a 
conduit having first and Second open ends and extending 
between the acoustic transmitting transducer and the acous 
tic receiving transducer, the acoustic transmitting transducer 
being positioned toward the first open end of the conduit and 
the acoustic receiving transducer being positioned toward 
the Second open end of the conduit. 
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20. The apparatus of claim 19 wherein the carrier has a 
plenum in fluid communication with the first open end of the 
conduit and the acoustic transmitting transducer is posi 
tioned in the plenum, the apparatus further comprising a 
preSSurized air Source coupled to the Second open end of the 
conduit to Supply air to the plenum and force the carrier 
toward the platen. 

21. The apparatus of claim 1 wherein the communication 
link includes a first inductive coil attached to one of the 
platen assembly and the carrier, the communication link 
further including a Second inductive coil spaced apart from 
the first inductive coil, the first inductive coil moving 
relative to the Second inductive coil while the Semiconductor 
Substrate is planarized. 

22. The apparatus of claim 1 wherein the communication 
link includes a transmitting transducer attached to one of the 
platen assembly and the carrier, the communication link 
further including a receiving transducer Spaced apart from 
the transmitting transducer, the transmitting transducer 
being movable relative to the receiving transducer while the 
Semiconductor Substrate is planarized, further comprising a 
controller coupled to the planarizing device to change the 
value of the selected property when the value differs from a 
Selected value. 

23. The apparatus of claim 22 wherein the selected 
property includes a force transmitted by the carrier to the 
Semiconductor Substrate and the controller includes a force 
controller coupled to the carrier to vary the force on the 
Semiconductor Substrate. 

24. The apparatus of claim 22 wherein the selected 
property is a temperature of the Semiconductor Substrate and 
the controller includes a temperature controller to vary the 
temperature of the Semiconductor Substrate, the temperature 
controller being coupled to the receiver to change the 
temperature when the temperature differs from a Selected 
value. 

25. The apparatus of claim 1, further comprising a power 
Supply attached to the carrier and coupled to the Sensor to 
Supply power thereto. 

26. The apparatus of claim 1 wherein the Sensor is a first 
Sensor, the Signal is a first Signal, and the Selected property 
is a first Selected property, further comprising: 

a Second Sensor attached to one of the platen assembly, the 
carrier, and the Semiconductor Substrate, the Second 
Sensor generating a Second Signal corresponding to a 
value of a Second Selected property; and 

a multiplexer coupled to the first and Second Sensors and 
the communication link to Sequentially transmit the 
first and Second Signals to the communication link. 

27. The apparatus of claim 1 wherein the communication 
link includes a plurality of wireless transmitting transducers 
connected to the Sensor and at least one wireleSS receiver 
Spaced apart from the wireleSS transmitting transducers, the 
wireleSS transmitting transducers moving relative to the 
wireleSS receiving transducer when the Semiconductor Sub 
Strate is planarized. 

28. The apparatus of claim 1 wherein the Signal is an 
analog signal and the communication link includes a wire 
leSS analog transmitting transducer and a wireleSS analog 
receiving transducer Spaced apart from the wireleSS analog 
transmitting transducer. 

29. The apparatus of claim 1 wherein the Signal is a digital 
Signal and the communication link includes a wireleSS 
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digital transmitting transducer and a wireleSS digital receiv 
ing transducer Spaced apart from the wireleSS digital trans 
mitting transducer. 

30. The apparatus of claim 1, further comprising a 
memory device coupled to the Sensor to receive the Sensor 
Signal and Store the Sensor Signal for a Selected period of 
time. 

31. An apparatus for transmitting wireleSS Signals from a 
planarizing device, the planarizing device having a Support, 
a platen, and a carrier movable relative to the Support and the 
platen to planarize a Semiconductor Substrate engaged by the 
carrier as the carrier moves relative to the platen, the 
apparatus comprising: 

a Sensor coupled to one of the platen, the carrier and the 
Semiconductor Substrate to generate a Sensor Signal 
corresponding to a value of a Selected property of one 
of the planarizing device and the Semiconductor Sub 
Strate, 

a wireleSS transmitter coupled to the Sensor to receive the 
Sensor Signal and transmit a wireleSS transmitter Signal 
corresponding to the Sensor Signal; and 

a wireleSS receiver Spaced apart from the wireleSS trans 
mitter to receive the transmitter Signal, the wireleSS 
receiver being generally fixed relative to the Support. 

32. The apparatus of claim 31 wherein the wireless 
transmitter includes a frequency modulating transducer. 

33. The apparatus of claim 31 wherein the wireless 
transmitter includes an amplitude modulating transducer. 

34. The apparatus of claim 31 wherein the sensor includes 
a force Sensor. 

35. The apparatus of claim 31 wherein the sensor includes 
a temperature Sensor. 

36. The apparatus of claim 31 wherein the transmitter 
includes an optical transmitting transducer and the receiver 
includes an optical receiving transducer. 

37. The apparatus of claim 31 wherein the transmitter 
includes a radio transmitting transducer and the receiver 
includes a radio receiving transducer. 

38. The apparatus of claim 31 wherein the transmitter 
includes an acoustic transmitting transducer and the receiver 
includes an acoustic receiving transducer. 

39. The apparatus of claim 38 wherein the acoustic 
transmitting transducer includes an audio Speaker. 

40. The apparatus of claim 38 wherein the acoustic 
receiving transducer includes an audio microphone. 

41. The apparatus of claim 31 wherein the transmitter 
includes a first inductive coil and the receiver includes a 
Second inductive coil. 

42. The apparatus of claim 31 wherein the sensor is a first 
Sensor, the Signal is a first Signal, and the Selected property 
is a first Selected property, further comprising: 

a Second Sensor attached to one of the platen, the carrier, 
and the Semiconductor Substrate, the Second Sensor 
generating a Second Signal corresponding to a value of 
a Second Selected property; and 

a multiplexer coupled to the first and Second Sensors and 
the communication link to Sequentially transmit the 
first and Second Signals to the wireleSS transmitter. 

43. The apparatus of claim 31, further comprising a 
memory device coupled to the Sensor to receive the Sensor 
Signal and Store the Sensor Signal for a Selected period of 
time. 
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44. An apparatus for Storing data generated during pla 
narization of a Semiconductor Substrate by a planarizing 
device, the planarizing device having a Support, a platen 
coupled to the Support, and a carrier movable relative to the 
platen to remove material from a Semiconductor Substrate 
positioned between the carrier and the platen, the apparatus 
comprising: 

a Sensor coupled to the planarizing device to generate a 
Sensor Signal corresponding to a value of a Selected 
property of one of the planarizing device and the 
Semiconductor Substrate; and 

a memory device coupled to the Sensor to receive the 
Sensor Signal and Store the Sensor Signal. 

45. The apparatus of claim 33, further comprising: 
an output device; and 
a communication link operatively coupled between the 
memory device and the output device to transfer the 
Signal from the memory device to the output device. 

46. The apparatus of claim 45 wherein the communication 
link comprises a cable coupled between the memory device 
and the output device. 

47. The apparatus of claim 45 wherein the output device 
is Selected from a display, a chart recorder and a printer. 

48. The apparatus of claim 45 wherein the communication 
link includes a wireleSS transmitter and a wireleSS receiver 
Spaced apart from the wireleSS transmitter, the wireleSS 
transmitter moving relative to the wireleSS receiver while the 
Semiconductor Substrate is planarized. 

49. The apparatus of claim 48 wherein the wireless 
transmitter includes an optical transmitting transducer and 
the wireleSS receiver includes an optical receiving trans 
ducer. 

50. The apparatus of claim 48 wherein the wireless 
transmitter includes a radio transmitting transducer and the 
wireleSS receiver includes a radio receiving transducer. 

51. The apparatus of claim 48 wherein the sensor includes 
a force Sensor. 

52. The apparatus of claim 48 wherein the sensor includes 
a temperature Sensor. 

53. An apparatus for detecting removal of material from 
a Substrate, the Substrate having a first Surface and a Second 
Surface opposite the first Surface, the Substrate being light 
transmissive from the first Surface to a point proximate the 
Second Surface, the Second Surface having a reflective layer 
attached thereto, the device comprising: 

a platen having a planarizing Surface; 

a carrier having a first Surface and a Second Surface 
opposite the first Surface, the Second Surface of the 
carrier being configured to receive the Substrate and 
engage the Substrate with the planarizing Surface of the 
platen, the carrier and Substrate being movable relative 
to the platen when the Substrate is engaged with the 
planarizing Surface to remove the reflective layer from 
the Substrate; 

a light Source positioned proximate to the first Surface of 
the Substrate to irradiate the first Surface; and 

a light Sensor positioned proximate to the first Surface of 
the Substrate to detect light reflected from the reflective 
layer of the substrate through the first Surface of the 
Substrate. 
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54. The apparatus of claim 53 wherein the light source 
emits visible light and the light Sensor detects visible light. 

55. The apparatus of claim 53 wherein the carrier is fixed 
relative to the light Source. 

56. The apparatus of claim 53 wherein the carrier is 
movable relative to the light Source. 

57. The apparatus of claim 53, further comprising the 
substrate wherein the reflective layer of the Substrate has a 
hardneSS approximately the same as a hardness of a Semi 
conductor wafer. 

58. The apparatus of claim 53, further comprising the 
substrate wherein the reflective layer of the Substrate has a 
hardneSS approximately the Same as a hardness of a Silicon 
wafer. 

59. A method for transmitting data from a planarizing 
device having a first portion and a Second portion movable 
relative to the first portion to planarize a Substrate positioned 
therebetween, the method comprising: 

measuring a value of a Selected property of one of the 
planarizing device and the Substrate; 

generating a Sensor Signal corresponding to the measured 
value; and 

transmitting the Sensor Signal from the Second portion of 
the planarizing device with a wireleSS communication 
link. 

60. The method of claim 59, further comprising receiving 
the Sensor Signal at a position Spaced apart from the Second 
portion of the planarizing device. 

61. The method of claim 59 wherein the selected property 
is a temperature of the Substrate and the act of measuring a 
value includes measuring the temperature of the Substrate. 

62. The method of claim 59 wherein the selected property 
is a force exerted by at least part of the Second portion of the 
planarizing device against the Substrate and the act of 
measuring a value includes measuring the force. 

63. The method of claim 62 wherein the force includes a 
Steady State component and a variable component and the 
act of measuring a value includes measuring the Steady State 
component of the force. 

64. The method of claim 59 wherein the force includes a 
Steady State component and a variable component and the 
act of measuring a value includes measuring the variable 
component of the force. 

65. The method of claim 59 wherein the Substrate has a 
conductive portion, the Selected property is a resistance of 
the conductive portion and the act of measuring a value 
includes measuring the resistance of the conductive portion. 

66. The method of claim 59 wherein the planarizing 
device includes a planarizing liquid in contact with the 
Substrate during planarization of the Substrate, the Selected 
property includes a pH of the planarizing liquid, and the act 
of measuring a value includes measuring the pH of the 
planarizing liquid. 

67. The method of claim 59 wherein the communication 
link includes a radio transmitting transducer coupled to the 
Sensor and the act of transmitting the Sensor Signal includes 
emitting a radio signal from the radio transmitting trans 
ducer, the radio Signal corresponding to the Sensor Signal. 

68. The method of claim 59 wherein the communication 
link includes an optical transmitting transducer coupled to 
the Sensor and the act of transmitting the Sensor Signal 
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includes emitting an optical signal from the optical trans 
mitting transducer, the optical Signal corresponding to the 
Sensor Signal. 

69. The method of claim 59 wherein the communication 
link includes an acoustic transmitting transducer coupled to 
the Sensor and the act of transmitting the Sensor Signal 
includes emitting an acoustic signal from the acoustic trans 
mitting transducer, the acoustic Signal corresponding to the 
Sensor Signal. 

70. The method of claim 69 wherein the planarizing 
device includes a conduit having first and Second open ends, 
the acoustic transmitting transducer being positioned toward 
the first open end of the conduit, and wherein the act of 
transmitting the Sensor Signal includes transmitting the 
acoustic Signal through the conduit. 

71. The method of claim 59 wherein the communication 
link includes an inductive coil attached to one of the carrier 
and the Semiconductor Substrate, and the act of transmitting 
the Sensor Signal includes generating an electromagnetic 
field with the inductive coil. 

72. The method of claim 59 wherein the act of transmit 
ting the Signal includes transmitting an analog Signal. 

73. The method of claim 59 wherein the act of transmit 
ting the Signal includes transmitting a digital signal. 

74. The method of claim 59, further comprising the act of 
changing the value of the Selected property when the value 
differs from a selected value. 

75. The method of claim 59, further comprising storing 
the Signal for a Selected period of time before transmitting 
the Signal. 

76. A method for transmitting data from a planarizing 
apparatus having a first portion and a Second portion mov 
able relative to the first portion to planarize a Semiconductor 
Substrate positioned between the first and Second portions, 
the method comprising: 

measuring a value of a Selected property of one of the 
planarizing apparatus and the Semiconductor Substrate 
and generating a Sensor Signal corresponding to the 
value of the Selected property; 

Storing the Sensor Signal in a memory device of the 
planarizing apparatus, and 

transmitting the Sensor Signal from the memory device. 
77. The method of claim 76 wherein the memory device 

is attached to the Second portion of the planarizing appara 
tus, further comprising arresting motion of the Second por 
tion relative to the first portion before transmitting the Sensor 
Signal. 
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78. The method of claim 77 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
over a cable coupled to the memory device. 

79. The method of claim 76 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
while the Second portion of the planarizing apparatus is 
moving relative to the first portion. 

80. The method of claim 76 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
from an optical transmitting transducer to an optical receiv 
ing transducer Spaced apart from the optical transmitting 
transducer. 

81. The method of claim 76 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
from a radio transmitting transducer to a radio receiving 
transducer Spaced apart from the radio transmitting trans 
ducer. 

82. The method of claim 76 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
from an acoustic transmitting transducer to an acoustic 
receiving transducer Spaced apart from the acoustic trans 
mitting transducer. 

83. The method of claim 76 wherein the act of transmit 
ting the Sensor Signal includes transmitting the Sensor Signal 
from a first inductive coil to a Second inductive coil spaced 
apart from the first inductive coil. 

84. A method for detecting removal of material from a 
Substrate, the Substrate having a first Surface and a Second 
Surface opposite the first Surface, the Substrate being light 
transmissive from the first Surface to a point proximate to the 
Second Surface, the Second Surface having a reflective layer 
attached thereto, the method comprising: 
removing at least a portion of the reflective layer; 
directing light through the first Surface of the Substrate 

and toward the reflective layer with a light Source; and 
detecting light reflected by the reflective layer through the 

first Surface of the Substrate. 
85. The method of claim 84 wherein the act of directing 

light includes directing visible light and the act of detecting 
light includes detecting visible light. 

86. The method of claim 84, further comprising removing 
material from the reflective layer until light detected by the 
light Sensor decreases from a first Selected value to a Second 
Selected value. 

87. The method of claim 84 wherein the act of detecting 
light includes detecting light with an electronic light Sensor. 
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